INTRODUCTION
The benefi cial effects of antipsychotics on positive symptoms in acutely ill patients with schizophrenia (Kasper, 2006) , most likely via their actions at dopamine receptors (Kapur and Remington, 2001; Guillin et al., 2007) , are well established. The long-term outcome for up to 40% of patients, however, remains unsatisfactory as they continue to suffer from one or more distressing symptoms of schizophrenia despite remaining compliant with their prescribed medication (Conley and Kelly, 2001; McEvoy et al., 2007; Potkin et al., 2009) . Kapur (2003) proposed that antipsychotics only "dampen the salience" of the abnormal experiences that cause or contribute to formation of psychotic symptoms (e.g. delusions) but do not "erase" the symptoms; symptom elimination or improvement in the longer run requires the patients to "work through" and reappraise their experiences. Embedded within the basic principles of most psychological interventions for psychiatric disorders, including cognitive behaviour therapy for psychosis (CBTp) (Fowler et al., 1995; Garety et al., 2007) , is the process There are few published data on predictors of response to CBTp in schizophrenia. At the neuropsychological level, cognitive fl exibility is found to predict the effect of CBTp on delusional thinking (Garety et al., 1997) . Clinically, cognitive insight has emerged as a potential mediator of CBTp responsiveness (Granholm et al., 2006) . At the neural level, greater pre-therapy brain activity in the dorsolateral prefrontal cortex (DLPFC) and its connectivity with the cerebellum during a spatial (dot-back) working memory task has been shown to be associated with greater responsiveness to CBTp in schizophrenia, most likely via the DLPFC-cerebellum contributions to executive processing (Kumari et al., 2009) . Interestingly, the association between CBTp responsiveness and greater pre-therapy DLPFC activity in this study was particularly strong for the left hemisphere, suggesting that the left-hemisphere function may be more pertinent to CBTp (Kumari et al., 2009) . Greater left-hemisphere advantage for verbal processing has also been associated with a more favorable outcome of CBT for depression (Bruder et al., 1997) . Given the possible link between schizophrenia and language pathway abnormalities (Crow, 2000; Li et al., 2009) , the association between left-hemisphere based language processes and CBTp responsiveness may be particularly salient in this clinical population.
The present study aimed to examine the neural predictors of responsiveness to CBTp in schizophrenia using functional magnetic resonance imaging (fMRI) during a task involving monitoring of selfand externally-generated speech (Johns et al., 2001; Fu et al., 2006; Kumari et al., 2008) . Accurate performance on this task produces activity changes in a neural network comprised of inferior frontal, cingulate, lateral temporal, inferior parietal, putamen and thalamic brain areas both in healthy people and patients with schizophrenia . The main hypothesis, based on fi ndings of previous studies concerning neural predictors of CBT (Bruder et al., 1997; Kumari et al., 2009) , was that pre-therapy activation level of the left inferior frontal gyrus (IFG), which is known to be involved in language production (Demonet et al., 2005; Binder et al., 2009 ) and perception of self-and other-generated speech (Raveendran and Kumari, 2007) , will be predictive of responsiveness to CBTp in schizophrenia. In addition, we expected task-related activity changes in the inferior parietal cortex since this brain region has been proposed (Shad et al., 2007) and empirically found to be associated with insight (specifi cally, awareness of problems) in psychosis . We, however, explored task-related activations and deactivations across the entire brain as predictors of responsiveness to CBTp, given the dearth of studies on prediction of response to CBTp, as well on the brain basis of cognitive insight. Cognitive insight, unlike clinical insight, also encompasses the evaluation and correction of distorted beliefs and misinterpretations and has been shown to mediate responsiveness to CBT in schizophrenia (Granholm et al., 2006) . Furthermore, we also studied a group of healthy participants, matched on average to age and sex of the patient group, to investigate whether specifi c activity changes (if found) associated with CBTp responsiveness represented hyper-, hypo-, or normal level of activity changes.
MATERIALS AND METHODS

PARTICIPANTS AND DESIGN
The study involved 56 outpatients with schizophrenia diagnosed using DSM-IV structured clinical interview (SCID) (First et al., 1995) , 26 of whom received CBTp for 6-8 months in addition to their treatment-as-usual (CBTp + TAU group) while 26 continued to receive their usual treatment (TAU-alone group). A group of 20 healthy participants screened for a history of mental illness using SCID-I NP (First et al., 2002) and matched, on average, to patients on age and sex, were studied for comparison purposes. This investigation has been carried out as part of a larger project examining neural predictors and correlates of responsiveness to CBTp in schizophrenia. The sample of patients and healthy participants included in this report thus overlaps with the sample examined in our recent report (Kumari et al., 2009 ) on neural responsiveness of CBTp observed with fMRI of working memory (19 CBTp + TAU patients, 14 TAU-alone patients, and 15 healthy participants common to both investigations) and was included in a larger crosssectional, fMRI study of verbal monitoring . Neither of these published reports investigated neural predictors of CBTp within the verbal monitoring neural network.
All participants were right-handed and had no history of neurological conditions or head injury. All included patients (i) had been on stable doses of antipsychotics for ≥2 years, and on their present antipsychotic therapy for >3 months, (ii) received a rating of ≥60 on the Positive and Negative Syndrome scale (PANSS) (Kay et al., 1987) and had at least one persistent positive symptom (a score of 3 or above on at least one of the positive symptoms items of the PANSS, which they experienced as distressing), and (iii) wished to receive 6-8 months of CBTp in addition to their usual drug treatment. Patients in both the CBTp + TAU and TAU-alone groups were recruited from the same geographical area and had been identifi ed by their treating psychiatrists as suitable for CBTp. With the resources available at the time of this investigation to the South London and Maudsley (SLAM) NHS Foundation Trust, only about 10% of eligible patients were offered CBTp. The patients who were referred to and accepted for CBTp by the Psychological Interventions Clinic for Outpatients with Psychosis (PICuP), SLAM NHS Foundation Trust, constitute the CBTp + TAU group. The researchers did not have any say in which of the patients receive CBTp at this specialist clinic. There were no explicit biases in which patients received CBTp. This was driven by resource limitations of the NHS Trust. Others, matched to those in the CBTp + TAU group as much as possible, were allocated to the TAU-alone group. The fi nal CBTp + TAU group had 20 patients, and the TAU-alone group had 18 patients ( Table 1) ; these patients had remained on the same type and dosage of antipsychotic medication during the follow-up period. The main reasons for patient drop outs/exclusion from the study were consent withdrawal, medication change or non-compliance and/or acute illness exacerbation prior to follow-up.
All participants underwent fMRI during a verbal monitoring task and clinical assessment at entry. The CBTp + TAU group then received 6-8 months of CBTp following a published manual (Fowler et al., 1995) in a specialist clinical service (PICuP, South London and Maudsley NHS Foundation Trust). CBTp interventions were formulation-driven and aimed to reduce distress arising from psychotic symptoms, reduce depression, anxiety and hopelessness, and modify dysfunctional schemas when appropriate. The focus was on the therapy goals of the patient. Therapy sessions were conducted weekly or fortnightly, as preferred by the patient, and lasted for up to 1 h. Patients received an average of 16 sessions. The therapists were qualifi ed CBT practitioners and supervised by one of the two investigators (EK, ERP) who have extensive experience of CBTp. The treatment adherence was recorded via fortnightly supervision. In addition, a small, random selection of therapy sessions (n = 13) were taped and sent to an independent, experienced CBTp therapist to be rated for fi delity of treatment using the Cognitive Therapy Scale for Psychosis (Haddock et al., 2001 ). The mean rating was 40.7 (range 21-53) out of a maximum of 60, with 77% of the tapes scoring above the 50% mark (i.e. >30). TAU provided to all patients prior to, and during, the study consisted of management offered by a case management team with a dedicated care-coordinator who saw the patient on a regular basis, in addition to a psychiatrist and other specialists, such as benefi ts adviser and vocational specialist, as needed. TAU-alone patients were followed up over the same period as CBTp + TAU patients in order to confi rm CBTp led, rather than non-specifi c (e.g. time effect), symptom improvement in the CBTp + TAU group. Symptoms were rated in all patients, using the PANSS (Kay et al., 1987) , at entry and then 6-8 months later by an independent and experienced psychiatrist (DF) who was blind to whether or not a patient received CBTp in addition to their usual treatment. This psychiatrist had no role in recruitment and clinical management of any of the patients included in this investigation. Appointments for these assessments were made by another member of the research team.
The study procedures were approved by the joint research ethics committee of the SLAM NHS Foundation Trust and Institute of Psychiatry. After complete description of the study, written informed consent was obtained from all participants.
fMRI TASK AND PROCEDURE
A modifi ed version ) of a previously described verbal monitoring task (Fu et al., 2006) other-distorted) . Participants were required to register their responses regarding the origin of feedback by pressing the appropriate button on the button box provided to them using their right hand. They were instructed to press the 'self ' button if they thought that the feedback was their own voice, the 'other' button if it belonged to someone else, or the 'unsure' button if they were uncertain about the nature of the feedback. On the computer screen below the words, three possible responses were written as 'self ' , 'other' and 'unsure' and were highlighted via a black outline every time a participant registered his/her response by pressing one of them. Accuracy of the responses was recorded online, with failures to press a response button coded as non-responses. In total, 64 words were presented (16 words per task condition, presented in a pseudo-random order). Participants were requested to abstain from alcohol for at least 24 h prior to their scheduled scanning and underwent task familiarisation to familiarize them with the procedures prior to going in the scanner.
IMAGE ACQUISITION
Echoplanar MR brain images were acquired using a 1.5 T GE Signa system (General Electric, Milwaukee WI, USA) at the Maudsley Hospital, London. A quadrature birdcage head coil was used for RF transmission and reception. In each of 14 near axial non-contiguous planes (slice thickness = 7.0 mm, interslice gap = 1 mm) parallel to the inter-commissural (ac-pc) plane, T2*-weighted MR images depicting blood oxygenation level-dependent (BOLD) contrast were acquired over 1.1 s using a 'clustered' acquisition (12-14) (TE = 40 ms, 70° fl ip angle), which created a relative silent period of 2.15 s for each stimulus within a TR of 3.25 s of the inter-stimulus interval of 16.25 s. Five brain volumes were acquired for each trial (TR = 3.25 s), and a stimulus, as stated earlier, was presented every 16.25 s. A clustered acquisition sequence was used to reduce artefacts associated with overt speech during image acquisition (Fu et al., 2006) . Foam padding within the head coil and a forehead strap were used to restrict head motion.
DATA ANALYSIS
Demographic, clinical and behavioural measures
CBTp + TAU versus TAU-alone groups: baseline comparisons. CBTp + TAU and TAU-alone groups were compared on age, education, predicted IQ (Nelson and Willison, 1991) and baseline PANSS symptoms using independent-sample t-tests. Possible group differences in performance of CBTp + TAU and TAU-alone groups were examined by Group (CBTp + TAU, TAU-alone) × Source (self, other) × Distortion (undistorted, distorted) analysis of variance (ANOVA) with Group as a between-subjects factor and Source and Distortion as within-subjects factors, followed by post-hoc analyses as appropriate. Given a marked (though statistically nonsignifi cant) difference in age between the fi nal CBTp + TAU and the TAU-alone groups, the effects were re-examined using analysis of co-variance (ANCOVA) with age entered as a covariate. Results only from the analysis of the correct answers are presented in detail since there were insuffi cient data (too few trials) to allow meaningful fMRI analysis of other performance indices (descriptive statistics for all indices presented in Table 1 ).
Effects of CBTp: symptom change in CBTp + TAU versus TAUalone groups. The change in symptoms from baseline to followup was examined using a Group (CBTp + TAU, TAU-alone) × Time (baseline, follow-up) ANOVA with Group as a between-subjects factor and Time as a within-subjects factor. Given the earlier noted difference in age between the fi nal CBTp + TAU and the TAU-alone groups, the effects were re-examined using analysis of co-variance (ANCOVA) with age entered as a covariate. A signifi cant Group × Time effect on total and sub-scale PANSS scores was followed up by paired t-tests separately in the CBTp + TAU and TAU-alone groups. Following the confi rmation of signifi cant clinical improvement in the CBTp + TAU group, and no signifi cant change in symptoms in the TAU-alone group, potential associations between baseline symptom severity and symptom change (absolute change = baseline minus follow-up) in the CBTp + TAU group were examined using Pearson's correlations. The effects of CBTp were also confi rmed using ANCOVAs on symptom change scores co-varying for baseline symptoms. Potential associations between CBTp responsiveness (total PANSS scores) and baseline clinical and performance variables were examined using Pearson's correlations.
CBTp + TAU patients (Baseline) versus healthy participants. We examined possible differences between the fi nal CBTp + TAU and healthy groups in age, education and IQ using independent-sample t-tests, and in performance using a Diagnosis (CBTp + TAU patients; healthy participants) × Source (self, other) × Distortion (undistorted, distorted) ANOVA with Diagnosis as a betweensubjects factor and Source and Distortion as within-subjects factors, followed by post-hoc analyses as appropriate. We did not include TAU-alone patients (who a common as expected, did not show symptom improvement) in this analysis because we wished to establish performance level in the CBTp + TAU group relative to the healthy comparison group prior to examining whether the level of activity in brain areas found to associate with CBTp responsiveness refl ected i.e. hyper-, hypo-, or normal level of activity.
All analyses were performed in SPSS (version 15). Prior to implementing the above described analyses, each variable was evaluated for criteria of parametric analysis. Alpha level for testing significance of effects was maintained at p < 0.05. Models and statistical inferences. Data were analysed using a random effect procedure (Friston et al., 1999) . The fi rst stage identifi ed subject-specifi c activations associated with correct responding in all participants for four task conditions (self-undistorted, self-distorted, other-undistorted, other-distorted) and at the levels of Source [self-undistorted + self-distorted versus other-undistorted + otherdistorted] and Distortion (self-undistorted + other-undistorted versus self-distorted + other-distorted). Motion parameters were included as covariates at this stage. Next, we identifi ed task-related activity changes in the CBTp + TAU group using one-sampled t-tests (height threshold p < 0.001, cluster corrected p ≤ 0.05). We used the same approach as in our previous study (Kumari et al., 2009 ) to examine the relationship of CBTp responsiveness with pre-therapy brain activity in CBTp + TAU patients. We fi rst computed the degree of change in symptoms independent of initial severity as residual change by regressing the initial PANSS (total and sub-scales) scores on follow-up scores as an outcome measure of CBTp responsiveness. We then regressed residual symptom change scores on task-related activity changes across the entire brain (height threshold p = 0.05, cluster-corrected p ≤ 0.05). For the positive associations of a priori hypothesised regions with CBTp responsiveness, the following signifi cance criteria were applied to maxima voxels of clusters that did not survive whole-brain correction for multiple comparisons: (a) T value of ≥ 2.88 (corresponding to uncorrected voxel p < 0.005) and ≥100 contiguous voxels, and (b) survival of small volume correction (SVC) within a locally defi ned volume (10-mm radius sphere) with family-wise error corrected p ≤ 0.05. Next, we extracted the subject-specifi c activation values from the voxels showing the strongest association with CBTp responsiveness (reduction in total PANSS symptoms) in each activity cluster and explored their possible relationships with performance and baseline symptom scores using Pearson's correlations (within SPSS).
Finally, we compared task-related activity changes in the CBTp + TAU and healthy participant groups using independentsample t-tests (height threshold p = 0.05, cluster corrected p ≤ 0.05) in order to determine whether various activity changes found to associate positively with CBTp responsiveness in this patient group refl ected (a) a hyper response (i.e. greater in the patient group than the healthy group), (b) a strong response within the normal range (i.e. patients not signifi cantly different from healthy participants), or (c) a less defi cient response (if, on average, this patient group showed activation defi cit relative to the healthy group). We further probed patienthealthy group differences in these areas with a lenient approach using SVC within a locally defi ned volume (5 mm radius sphere around the voxel showing the strongest association with reduction in total PANSS scores) with family-wise error corrected p ≤ 0.05.
RESULTS
DEMOGRAPHIC, CLINICAL AND BEHAVIOURAL MEASURES
CBTp+TAU versus TAU-alone groups: baseline comparisons
The fi nal CBTp + TAU and TAU-alone groups were comparable in age, education, predicted IQ, illness duration, PANSS (total and subscales) symptoms and medication dose at baseline (all p values > 0.05). The two groups also showed comparable performance across all task conditions (F 1,36 < 1 for all main and interactive effects involving Group; this remained true after co-varying for age). Both groups showed marginally higher accuracy during self than other conditions (Source: F 1,36 = 4.19, p = 0.048), and markedly higher accuracy during undistorted than distorted conditions (Distortion: F 1,36 = 46.24, p < 0.001), in particular during the selfundistorted condition relative to the other-distorted conditions (Source × Distortion: F 1,36 = 4.82, p = 0.035).
Effects of CBTp: symptom change in CBTp + TAU versus TAU-alone groups
The CBTp + TAU group, but not the TAU-alone group, showed change in symptoms from baseline to follow-up (Group × Time, total PANSS scores: F 1,36 = 8.59, p = 0.006; positive symptoms: F 1,36 = 5.01, p = 0.032; negative symptoms: F 1,36 = 5.75, p = 0.022; general psychopathology: F 1,36 = 6.31, p = 0.017). The same pattern of effect was observed after we co-varied for age (p values 0.02 or higher for Group × Time interaction in the total PANSS scores and individual PANSS dimensions). Follow-up analyses revealed signifi cant reduction in blind ratings of symptom on all dimensions (Table 2) at follow-up in only the CBTp + TAU group (total PANSS scores: t 19 = 3.73, p = 0.001; positive symptoms: t 19 = 3.81, p = 0.001; negative symptoms: t 19 = 2.17, p = 0.043; general psychopathology: t 19 = 3.32, p = 0.004). CBTp responsiveness (total PANSS symptoms) did not signifi cantly associate with baseline symptom severity (r = 0.37, p = 0.107). Symptom improvement (absolute change score) in the CBTp + TAU group remained signifi cant after co-varying for baseline symptoms, relative to the TAU-alone group (total PANSS scores: F 1,35 = 10.85, p = 0.002; positive symptoms: F 1,35 = 7.94, p = 0.008; negative symptoms: F 1,35 = 9.85, p = 0.003; general psychopathology: F 1,35 = 7.84, p = 0.008). As can be expected from the independence of symptom improvement from baseline symptoms in CBTp + TAU patients, residual symptom change scores (used in fMRI analysis) correlated highly positively with the absolute symptom change scores (total PANSS symptoms: r = 0.914, p < 0.001). Within the CBTp + TAU group, illness duration (current age minus age at onset), education, NART IQ, antipsychotic medication dose (in chlorpromazine equivalents) and task performance (total % correct) were not signifi cantly associated with CBTp responsiveness (p values > 0.05).
CBTp+TAU patients (Baseline) versus healthy participants
The fi nal CBTp + TAU and healthy participant groups were comparable in age, but the CBTp + TAU group had marginally lower NART IQ (t 37 = 2.04, p = 0.05) and fewer years in education (t 37 = 2.73, p = 0.04) ( Table 1 ). The patient group showed lower performance accuracy than healthy participants as indicated by a highly signifi cant main effect of Group (F 1,38 = 11.78, p = 0.001). In addition, there were main effects of Source (F 1,38 = 5.33, p = 0.03; indicating higher accuracy for self than other conditions) and Distortion (F 1,38 = 54.82, p < 0.001; indicating higher accuracy for undistorted than distorted conditions), and a marginally signifi cant Diagnosis × Source × Distortion interaction (F 1,38 = 4.08, p = 0.05). Further analysis of this interaction revealed that healthy participants were signifi cantly better than CBTp + TAU patients at identifying other-undistorted voices (t 38 = 3.23, p = 0.003). There was a trend for better recognition of self-distorted voices in the healthy group compared to the CBTp + TAU group (t 38 = 1.76, p = 0.087). The two groups did not differ signifi cantly in identifying self-undistorted or other-distorted voices (p > 0.10), although accuracy was somewhat lower in the patient group across all task conditions ( Table 1) . NART IQ or years in education did not correlate signifi cantly with performance (total % correct) in the CBTp + TAU group or the healthy group (p values > 0.10).
fMRI
Generic activity changes in CBTp+TAU patients
The generic verbal monitoring network identifi ed revealed strongly overlapping activation and deactivation patterns for the four task conditions. This network included bilateral activations in the IFG, superior temporal gyrus, putamen, precuneus and thalamus (Table 3, Figure 1 ). The regions deactivated across all conditions included the middle-posterior cingulate, angular and parahippocampal gyri (Table 3, Figure 1 ).
fMRI predictors of CBTp responsiveness
The expected association between pre-therapy left IFG activation [Brodmann area (BA) 44-45-47] and CBTp responsiveness was found for all three PANSS symptom dimensions. This effect was more strongly and consistently present during monitoring of own undistorted speech than someone else's/own distorted speech ( Table 4, Figure 2) , and meant that those with a marked benefi cial response to CBTp showed stronger activation of this area.
The IFG association clusters extended to the medial prefrontal cortex (BA10-BA32; located somewhat anterior and dorsal to the area deactivated across all participants) during the undistorted conditions, and were also present as higher medial prefrontal activity during undistorted compared to distorted feedback conditions. Further probing revealed that patients with the most benefi cial response to CBTp did not show deactivation or showed some activation (mainly self) during the undistorted conditions, and showed deactivation of this region during the distorted conditions.
CBTp responsiveness also associated positively with (a) less deactivation/slight activation of the inferior parietal lobe (primarily BA 40 and BA7) during accurate monitoring of own, relative to someone else's, speech regardless of the level of distortion, and (b) more thalamic and precuneus activation to distorted speech relative to undistorted speech, regardless of the source (Table 4, Figure 2 ).
It is important to note that brain activity-CBTp response associations found in this study were present in both male and female patients (illustrated in Figure 3 with the left IGF-CBTp response association). Interestingly, pre-therapy fMRI activity and CBTp responsiveness associations were not signifi cantly present for the other-distorted condition when this was examined as an individual task condition, perhaps because of the lowest power available (i.e. lowest number of correct answers thus less volume of fMRI data) during this condition. At the level of symptom improvement, negative symptoms dimension had the least power (smallest change with CBTp). Baseline symptoms or performance accuracy did not correlate signifi cantly with CBTp response predictive brain regions, although a small positive association (r = 0.34, p = 0.14) was present for the left IFG activation and accuracy during the self-undistorted condition.
CBTp+TAU versus healthy participants
CBTp + TAU patients showed signifi cantly reduced activations, compared to healthy participants, in a number of regions during the distorted conditions, including the putamen, anterior cingulate and thalamus during the self-distorted and the left IFG during the other-distorted conditions ( Table 5) . Patients were also differentiated from healthy participants by reduced deactivation of parahippocampal and posterior cingulate gyri, and altered medial prefrontal cortex and caudate activity modulation between the self and other conditions.
When differences between the CBTp + TAU group and the healthy group in activations and deactivations of regions associated with CBTp responsiveness (in the CBTp + TAU group) were examined with a lenient approach (SVC), CBTp + TAU patients, relative to healthy participants, showed less activation of the left IFG (x = −36, y = 50, z = −2; voxel T = 2.38, uncorrected p = 0.009, SVC-corrected p = 0.05). There was a trend for this effect in the thalamus (x = 6, y = −22, z = −8; voxel T = 2.41, uncorrected p = 0.01, SVC-corrected p = 0.07). 
DISCUSSION
This investigation focussed on the association between responsiveness to 6-8 months of CBTp and pre-therapy brain activity during monitoring of self-and externally-generated speech in people with schizophrenia. It also examined a representative group of healthy participants to characterise this patient sample.
Clinically, confi rming our observations in an overlapping sample (Kumari et al., 2009 ) and fi ndings of recent meta analyses of RCTs for CBTp (Pilling et al., 2002; Zimmermann et al., 2005; Pfammatter et al., 2006; Wykes et al., 2008; NICE, 2009) to the patient group who continued with their usual treatment. Also consistent with data from previous studies was our fi nding of considerable variation in the degree of symptom change for individual patients, with the change in total PANSS scores from baseline to follow-up ranging from 8 (slight worsening) to −42 (strong improvement) (Figure 3, x axis) . At the neural level, as hypothesized, activation of the left IFG associated with a benefi cial response to CBTp on all PANSS symptom dimensions (Table 4) . This association was present more consistently during monitoring of own undistorted speech than someone else's or own distorted speech. This may at least in part be due to the fact that this condition, with the highest number of correct trials, had the maximum power to detect expected relationships. The observed left IGF-CBTp response association lends support to earlier fi ndings of Bruder and colleagues (Bruder et al., 1997) concerning CBT for depression and can be attributed to the role of the left IFG (Broca's area) in speech and language processing (Demonet et al., 2005) . The left IFG also contributes to verbal working memory (Cabeza and Nyberg, 2000; Wager and Smith, 2003) which was a likely component of performance on the task used in this study (i.e. remembering the feedback while making a decision about its origin). Given that CBTp + TAU patients also displayed, on average, hypo-activation of the left IFG relative to healthy participants, our fi nding also suggests that normal range or less defi cient activation (i.e. maximum within the patient group) boosts CBTp response. Whether such an association is specifi c to CBTp or also applies to other psychological interventions that involve 'talking' remain to be clarifi ed. The lack of a signifi cant direct association between task performance and CBTp responsiveness in this investigation may be due to the fact that task performance most likely included not only the ability to process and perceive own and someone else's speech but, in addition, other functions such as prior knowledge and experience of having used the word stimuli facilitating recognition in self-generated voice. Some components of task performance may be less relevant than others to CBTp responsiveness. The IFG association clusters extended to the medial prefrontal cortex (BA10-BA32) during the undistorted conditions, and during undistorted compared to distorted feedback. This association showed that those with the maximum symptom improvement after CBTp mostly showed no deactivation or some activation rather than deactivation (self-undistorted) during the undistorted conditions, and showed deactivation of this region only during the distorted conditions.
Brain deactivations are commonly found during cognitive tasks (Frith et al., 1991; Binder et al., 1999; Mazoyer et al., 2001; McKiernan et al., 2003 McKiernan et al., , 2006 Raichle and Snyder, 2007) . These are considered to refl ect suspension of spontaneous thought processes, including monitoring of own body image and mental states, that occur during the rest state (default mode of brain function) while study participants are required to focus on specifi c external task demands (Binder et al., 1999; Mazoyer et al., 2001; McKiernan et al., 2006) . Although deactivations across most cognitive tasks include regions such as the posterior cingulate gyrus, dorsomedial prefrontal cortex, rostral cingulate gyrus and the angular gyrus (Binder et al., 1999; Mazoyer et al., 2001; McKiernan et al., 2003; Raichle and Snyder, 2007) , the diffi cultly level and characteristics of the task are important determinants of the exact pattern and the extent of deactivations (McKiernan et al., 2003 (McKiernan et al., , 2006 . More diffi cult levels of the task produce larger deactivations than the easier ones (McKiernan et al., 2006) , with further infl uence of diffi culty in different domains (e.g. stimulus discriminability, working memory load) (McKiernan et al., 2003) . It is obvious from our task performance that the distorted conditions were more diffi cult than undistorted conditions (markedly lower accuracy during the distorted relative to undistorted conditions). fMRI fi ndings show that those failing to gain from CBTp showed maximum deactivation during the conditions of undistorted feedback (i.e. relatively easier conditions), and failed to show expected stronger deactivations with the distorted feedback conditions. Those showing a strong benefi cial response to CBTp on the other hand showed marked deactivations only with the distorted conditions (i.e. the normal parametric modulation of deactivations) and showed slight (non-signifi cant) activation during the self-undistorted condition. The latter observation is likely to be related to the processes shared by both the brain's default mode of function and the requirement of this task condition, i.e. self-monitoring Raichle et al., 2001) .
CBTp responsiveness also associated positively with less bilateral deactivation of the inferior parietal lobe (BA39-BA40-BA7) during accurate monitoring of own, relative to someone else's, voice, regardless of the level of distortion. As discussed previously , there is likely to be some overlap between the 'self ' conditions, which involved processing of own familiar voice, and the default baseline state (shown by the healthy group and in patients who responded well to CBTp). The fi ndings suggest that patients benefi ting most from CBTp processed self-relevant information more effi ciently and displayed a greater default mode differentiation of own and others' speech.
The right parietal lobe is considered 'responsible for maintaining a self-other distinction across a variety of sensory modalities' (Uddin et al., 2005) . This fi ts with the propositions of Shad and colleagues (Shad et al., 2007) that right inferior parietal lobe defi cit contributes to anosognosia (unawareness of symptoms) via poor self-monitoring in schizophrenia. This is pertinent because cognitive insight has emerged as a mediator of response to CBT in psychotic disorders (Granholm et al., 2006) . Cognitive insight in schizophrenia focuses on some of the cognitive processes (distancing, objectivity, perspective, and self-correction) involved in patients' re-evaluation of their anomalous experiences and re-interpretation of their beliefs whereas clinical measurements of insight (termed 'clinical insight' by Beck and colleagues) have traditionally focused on patients' unawareness of having a mental disorder and their need for (Pedrelli et al., 2004) . Although the neural substrates of cognitive insight in schizophrenia have yet not been investigated, they may at least partially overlap with those areas reported or proposed for clinical insight (Shad et al., 2007) and also involve the right parietal lobe. It should, however, be noted that CBTp response in our study was associated with activity changes in both the left and the right inferior parietal lobes. While a strong case has already been made by previous researchers for the right parietal lobe involvement in self-monitoring and insight in schizophrenia (Shad et al., 2007) , our ability to infer someone else's perspective is reported to depend on functions of the left temporo-parietal junction (Samson et al., 2004 (Samson et al., , 2005 . It is conceivable that CBTp (and good cognitive insight) would be facilitated when a patient is able to infer someone else's (e.g. therapist's) perspective and generate an alternative perspective to interpret his/her abnormal experiences. Greater thalamic and precuneus activation to distorted, relative to undistorted, speech regardless of the source (self, other) also associated with a greater response to CBTp.
Stronger activation of the thalamus during distorted versus undistorted feedback might indicate increased attention to distorted (more diffi cult) speech stimuli (Adler et al., 2001) in CBTp responders. Given that CBTp + TAU patients also displayed, on average, a trend for thalamic hypo-activation relative to healthy participants, this fi nding may suggest greater CBTp led benefi ts in those with relatively normal thalamic activation or a smaller activation defi cit. In healthy volunteers, precuneus activation has been found in association with awareness of the self (Andreasen et al., 1995) , comparing self to non-self representations (Kircher et al., 2000 (Kircher et al., , 2002 , and refl ecting about own personality traits and physical appearance (Kjaer et al., 2002) . In patients with schizophrenia, larger precuneus volume is associated with good insight, especially the awareness of problems . Increased precuneus activation during distorted conditions thus could be associated with CBTpP responsiveness via increased awareness of own mental states.
It is important to highlight that activity changes found to be associated with CBTp responsiveness in this study are different to those that were associated with specifi c symptom profi les (i.e. exaggerated middle-superior temporal activations with positive symptoms, ventral striatal and hypothalamic activity alterations with negative symptoms) in our earlier study , which included patients from this study. This investigation had limitations. Firstly, it did not use a random design, due to resource limitations, for allocation of patients to CBTp + TAU and TAU-alone groups. The patients, however, were randomly distributed across the two groups in terms of their desire to receive CBTp. Furthermore, the aim of this study was to investigate neural predictors of CBTp in patients who undergo this therapy (in addition to their usual treatment) and the primary analyses to achieve this aim utilized the data obtained only in the CBTp + TAU group. Secondly, the fi nal CBTp + TAU and TAU-alone groups differed slightly (non-signifi cantly) in age and illness duration. This happened because of unbalanced drop outs in the two patient groups and was beyond our control. It however may not affect our results in terms of neural predictors since age or illness duration was not a signifi cant predictor of CBT response in our sample. Thirdly, it can be argued that CBTp + TAU patients showed symptom improvement simply because of therapist contact, independent of the specifi c effects of the CBT methods applied to them. This is, however, unlikely. A large number of RCTs have shown that CBTp has specifi c effects on symptoms, as opposed to other psychological interventions such as family therapy (decreases relapse and hospitalization rates), social skill training (helps acquire social skills) or cognitive remediation therapy (improves cognitive functioning) (Zimmermann et al., 2005; Pfammatter et al., 2006; Wykes et al., 2008) , and is superior in reducing the symptoms to a non-specifi c befriending intervention controlling for the amount of contact with treating professionals (Sensky et al., 2000) . Finally, given that some regions found to be associated with CBTp responsiveness did not show robust task-related activity changes at the group level (though present when examined at a relatively lenient threshold; data not shown), further studies using tasks which more robustly activate these brain regions (for example, for the left IFG, the use of a verbal fl uency paradigm requiring generation of words as opposed to the current paradigm which required participants to only read the words that were presented to them on the screen) are needed to confi rm our fi ndings.
CONCLUSIONS
The fi ndings demonstrate positive associations between CBTp responsiveness in schizophrenia and greater left IFG activity during accurate monitoring, especially of own voice, less inferior parietal deactivation/slight activation with own, relative to someone else's, voice, and less medial prefrontal deactivation and greater thalamic and precuneus activation with monitoring of distorted, relative to undistorted, voices. Given the known functions of these regions in humans, the fi ndings implicate language processing (left IFG), attention (thalamus), and insight and self-awareness (medial prefrontal, inferior parietal, precuneus) in responsiveness to CBTp in schizophrenia, and suggest avenues for future development/modifi cation of CBTp for patients who appear relatively less responsive to current versions of the routine CBTp. Targeting insight and self-monitoring skills very early during the course of CBTp may help to improve response rates. CBTp may also need to be modulated further for patients with impaired language processing skills. Clinically, given scarce resources, it may be helpful to prioritise those with good working memory and unimpaired language skills, when offering CBTp.
